The general absence of karyogamy and meiosis in asexual molds has prevented deliberate "breeding" of these organisms for desirable properties as has been done so successfully in crop plants and domestic animals. It has necessitated the tedious and time-consuming process of examining innumerable strains in the search for certain desired characteristics. Heterokaryosis, the presence of genetically unlike nuclei within a common cytoplasm, however, affords a possible alternative to hybridization. Among the asexual fungi the heterokaryotic state is usually initiated by means of hyphal fusions between genetically dissimilar individuals, the nuclei of both strains thus becoming intermingled in a common cytoplasm. The purpose of the present investigation was to determine, from a microbiologic viewpoint, the feasibility of employing heterokaryons of Aspergillus in two commercial-type fermentations, and to ascertain the problems that might be attendant upon their usage. this investigation, has no sexual stage and produces large, black, multinucleate conidia. Raper and Fennell (1953) obtained 11 color mutants from this strain by ultraviolet irradiation and then paired these mutants in various combinations to obtain heterokaryons. Heterokaryosis was generally evidenced by the appearance of large black heads at the interface of the opposed mutant colonies, the color of the wild type being thus restored.
GENERAL MIETHODS
Surface cultures for both citric and gluconic acid production consisted of 50-ml portions of media in 300-ml Erlenmeyer flasks, inoculated with dry ungerminated spores. The following method of flask inoculation was utilized: filter paper squares, 2 cm by 2 cm, were dipped in the medium to be used in the fermentation; they were then placed gently upon the spore surface of the plate serving as the source of inoculum where they became evenly coated with spores; the squares were next removed carefully with a platinum loop without touching the surface of the agar; and, lastly, they were dropped into the fermentation medium, whereupon the spores readily floated off the paper across the surface of the fluid as a uniform film. This technique circumvented the addition of undesired excess heavy metals along with the inoculum and yet provided a sufficient number of spores to insure growth over the entire surface of the medium. Submerged cultures were prepared in a similar manner and, in addition, inoculations were made with suspensions of pregerminated spores. Submerged cultures were shaken on a New Brunswick rotary shaker3 at 300 rpm. All cultures were incubated at 30 C unless otherwise indicated.
The "B" basal medium developed by Shu and Johnson for submerged fermentation (1948) was used in the initial experiments on the production of citric acid. However, this proved to be unsuitable for our strains and a new medium for surface production was developed. Sucrose was purified by passage through a Dowex 50 resin column. Nutrient salts were of C. P. grade. Barnstead-demineralized water was used in the preparation of this medium (table 2). The media utilized for the production of gluconic acid were essentially those reported by Gastrock et al. (1938) .
Fermentations were harvested by the methods described by Moyer (1953) . Citric acid was determined by the method of Saffran and Denstedt (1948) The Citric Acid Fermentation General results in surface culture. The 11 color mutants derived from Stock 67 and the 19 heterokaryons obtained from the pairing of these mutants were tested for their ability to produce citric acid. Representative data are presented in table 1. It was found that the production of citric acid by each of the 19 heterokaryons could be fitted into one of three general patterns: (1) When two relatively high acid-producing strains were paired, the resulting heterokaryon (for example, Brown + Fuzzy and Pink + Orange) gave yields that were generally lower than those produced by either of the two parent strains; (2) If high and low acidproducing strains were paired, the resulting heterokaryon produced intermediate yields (for example, Brown + Clay and Brown + Cinnamon); (3) When two mutants possessing low acid productivity were paired, yields by the heterokaryon exceeded those produced by either parent (for example, Honey + -Clay and Honey + Cinnamon).
The preceding results were obtained by the use of the fermentation medium developed by Shu and Johnson (1948) . These patterns were not altered by the use The medium used in the above fermentations was that developed by Shu and Johnson (1948 Mat analyses. Inocula for the above fermentations had been taken from predominantly heterokaryotic sectors. The medium used for the fermentations suppressed sporulation by the mycelial mats, hence it was not known whether the mats were completely heterokaryotic or whether they represented a mixture derived from the heterokaryon by nuclear segregation followed by vegetative dissociation and growth. Analyses of these mats showed that the mutant parents predominated over the heterokaryon in all the pairs analyzed except Honey + Brown, this latter heterokaryon (Kovats, 1946) .
Attempts to isolate a high acid-producing strain of the heterokaryon Honey + Brown by single spore isolation were unrewarding.
In submerged fermentation Honey + Brown produced approximately the same yield of citric acid as given by Honey alone ( Fermentation by mutants of A. niger strain NRRL 2270. Seven color mutants were induced by ultraviolet irradiation from strain 2270, a strain producing uninucleate conidia. One of these mutants, M-1, anastomosed to an unusual degree with the six other mutants as evidenced by a very wide band of black heterokaryotic heads at the interface of the two paired mutant colonies. This culture (M-1) was used in a series of fermentations utilizing a mixed culture technique. Although the fermentation medium generally suppressed sporulation, occasional black conidial heads were observed in surface culture indicating that hyphal anastomoses had occurred. In all six fermentations, the production of citric acid by the mixed culture was intermediate between the yields given by the two parents (representative data are presented in table 4). The mycelial mats were analyzed by maceration and subsequent plating of suitable dilutions of the homogenates as previously described. These analyses failed to show a consistent pattern but in no determination did the heterokaryon predominate over the component parents. The Gluconic Acid Fermentation Only representative heterokaryons formed from paired color mutants of A. fonsecaeus strain NRRL 67 were tested in order to compare the general pattern of results with that obtained from the citric acid fermentation.
Surface fermentation. The heterokaryons usually produced more gluconic acid than their component mutant parents in surface culture but never exceeded the yields given by Stock 67. Conceivably, it might be of real value where the product yield of a fermentation is low, since it has been demonstrated that increased productivity can result from the pairing of two low-acid yielding strains. Additionally, microorganisms producing low percentage yields of some desired product might provide much better material for evaluating heterokaryosis as a possible means of enhancing fermentative product yields than did the cultures and products studied in the present investigation, cultures already capable of very substantial percentage yields of the two acids investigated. Possibly the most promising use of heterokaryons lies in their incorporation into diploids (Roper, 1952) . This would shift the site of interaction from the cytoplasmic level to the nuclear level. In addition, the formation of diploids would minimize the problem of segregation encountered in our current work. It is hoped that this approach may be studied as a sequel to the present investigation.
SUMMARY
The feasibility of employing heterokaryons of Aspergillus in commercial-type fermentations and the determination of the microbiologic problems attendant upon their usage was investigated. The heterokaryons were found usually to produce intermediate or lesser amounts of acid than their component parents, except when two low-yielding strains were paired. The resulting data from these investigations were difficult to interpret and assess. Analyses of the vegetative growth developed during a fermentation revealed the presence of a high ratio of segregated component mutants to the heterokaryon itself. Various procedures designed to enhance or stabilize the heterokaryons failed to give promising results. Possible situations where heterokaryons could be of potential value are discussed.
